INTRODUCTION
Planktonic algae, benthic algae and macrophytes play an important role as primary producers in aquatic ecosystems. The littoral zone in lakes where more than 1% of surface light intensity reaches bottom is characterized by the development of a benthic algal community and macrophytes (Moss, 1988) . Thus, in order to understand the productive structure in the littoral zone, not onlythe planktonic algal community but also the benthic algal community and/or macrophytes should be investigated together. However, most algal studies of the littoral zone have been mainly focussed on the benthic algal community (CATTANEO, 1987 ; MEULEMANS, 1988 ; BURKHOLDER and WETZEL, 1989 ; JONSSON, 1992 ; MULLER, 1994 ; HAWES and SCHWARTZ, 1996) . On the other hand, there have only been a few investigations of both 140NOZAKI planktonic and benthic algal communities or macrophytes (NAKANISHI et al., 1989 ; TAKAMURA et al.,1990 ; STEINMAN et al., 1997) .
The development of a filamentous green algal (FGA) community dominated by Spirogyra sp. has been observed in the littoral zone of Lake Biwa since 1983 (WATANABE et al., unpublished data) . Occurrence of the FGA community has been observed also in some lakes located in the north temperate region since the 1980s. FGA propagation has been studied as a biological indicator related to changes in lake environments (LORENZ and HERDENDORF, 1982 ; PIECZYIVSKA et al., 1988 ; TURNER et al., 1995a) .
However, the ecological effects of FGA intrusion on a littoral-zone ecosystem have been little studied (TURNER et al., 1995b ; NOZAKI et al., 1998) .
In the present study, some characteristics of the algal community structure consisting of benthic and planktonic algae are discussed on the basis of seasonal variations in biomass and species composition of both communities in a littoral zone with gravel in the north basin of Lake Biwa, especially focussing on the intrusion of the FGA.
METHODS

Study site
Lake Biwa is divided into 2 basins : the north basin is 618 km' in surface area, 45 m in mean depth (maximum : 104 m) and mesotrophic ; and the south basin is 57 km', 3.5 m (maximum : 7.6 m) and eutrophic. This study was carried out in a littoral zone located at Kita-komatsu in the western part of the north basin (Fig. 1) . The survey was conducted biweekly from June 1994 to April 1996. The bottom of the littoral zone was covered with gravel (diameter, 10-20 cm). Macrophytes were not present. Three sampling stations were placed on a transect in an offshore direction (Fig. 1) . The depth of each station changed generally together with changes in the water level of Lake Biwa during the investigation period : 10-170 cm (mean 50 significant difference in water temperature among the stations or between the surface and bottom. The light-extinction coefficients in water varied from 0.083 m-1 to 1.275 m-1 (Fig.3b) , being not so different from those of previous reports on the pelagic zone of the north basin (0.25-1.31 m-1, NAKANISHI, 1976; 0.276-0.767m-1, NAKANISHi et al., 1992) , though the range was greater than that in the pelagic zone. Relative light intensities just above the benthic algal community calculated using the extinction coefficients in water were 58-98%, 36-95% and 29-92% of the surface light intensity at Stns. 1, 2 and 3, respectively (Fig. 3c) . Thus, the light seemed to be sufficient for the development of the benthic algal community atall stations (STRICKLAND, 1958) . (Fig. 7) . Dominant species in the planktonic algal community were similar to those in previous studies of the pelagic zone in the north basin (NAKANISHI, 1976 ; TEZUKA, 1984; TEZUKA and NAKA-NISHI, 1991) .
Thus, the planktonic algal community at this study site seemed to reflect that of the pelagic zone. In fact, abiotic factors controlling the algal growth such as water temperature, light and nutrient concentrations were not very different from those of the pelagic zone.
The seasonally changing pattern of benthic algal biomass seemed to quite similar to that of the planktonic algal pattern except for October-December 1996 when a planktonic algal peak was formed by the propagation of G. lacustris and S. dorsidentiferum.
The benthic algal biomass occupied more than 90% of the total algal biomass, and the contribution of FGA to the benthic algal biomass was more than 70% (Table 2) . 
Light attenuation in each algal communit
Light-extinction coefficients in communities of FGA and sessile algae were 0.005 (mg chl. a-1) and0.029
(mg chl. a-1), respectively (Fig. 8) . The extinction coefficient of the sessile algal community was similar to that in the previous studies (0.02 mg chl. a-1 by TOMINAGA and ICHIMURA, 1966 ; 0.023 mg chl. a-' by NAKANISHI and YAMAMURA, 1984) . The extinction coefficient of the FGA community was remarkably small compared with that of the sessile algal community.
One reason for the extremely low extinction coefficient of the FGA community might be due to their relatively small content of detritus and inorganic matter closely related to light attenuation when compared with those in the sessile algal community.
In fact, ignition loss was 60-70% of the total dry weight in the FGA community, but less than 10% in the sessile algal community (NozAKI, unpublisheddata).
The respective attenuations by planktonic, FGA and sessile algal communities were calculated using the extinction coefficients and water depth or 
DISCUSSION
Contribution of benthic and planktonic algae as primary producers The relative contribution of the benthic algal community to primary production in the littoral zone varies depending on the trophic status of lakes. HANSSON (1988) reported that the contribution of the benthic algal community increases in oligotrophic lakes because of the sparsity of planktonic algal biomass, whereas it decreases in eutrophic lakes due to an increase in planktonic algal biomass. The biomass of benthic algae exceeded 90% of the total algal biomass at all stations. This suggests that the benthic algal community contributes significantly to primary production in the littoral zone (Table 2) . Furthermore, FGA in the benthic algal community, Fig.9 . Light attenuation by each algal community (Pa : planktonic algae, FGA : filamentous green algae, Sa : sessile algae) at each station.
especially Spirogyra sp. with its extraordinarily high biomass, seemed to be the major primary producer (Figs. 5 and 6) . TAKAMURA et al. (1990) reported that the photosynthesis of benthic algaewas light-limited by shading from the planktonic algal community during the period when chlorophyll a was 100-400 mg m-3 by a bloom of Microcystis in a littoral zone of hypertrophic Lake Kasumigaura. HANSSON (1992) also suggested that benthic algal growth was depressed by shadingfrom the planktonic algal community in the littoral zone (depth, 0-75 cm) of Swedish lake, when the 152NOZAKI extinction coefficient exceeded 1.5 m-1. In this study, the maximum chlorophyll a and the extinction coefficient in the water were 6 mg m-3 and 1.275 m-1, respectively (Figs. 2 and 3c) . Incomparison with the maximum chlorophyll a and light-extinction coefficient obtained from data of the references, the growth of the benthic algal community at this study site seemed not to be limited by shading from the planktonic algal community . relative light intensity beneath the sessile algal community fell to 0.1%. On 29 March 1996, relative light intensity decreased to 68% above the sessile algal community and 11% beneath the sessile algal community. These results suggest that the development of the FGA community in the littoral zone of the lake changed the productive structure of the algal community. Development of the FGA community creates a diversiform structure in the littoral zone of a lake, and may prepare a new habitat for algae attaching to the FGA (LOWE, 1996) , whereas the shade created may act negatively on the growth of sessile algae attaching to stones (cf. Fig. 9) .
It is well known that a benthic algal community is stronger in its selfshading effect than a planktonic algal community, because the benthic algal cells are densely accumulated in a narrow space (AIZAKI, 1980 ; BOSTON and HILL, 1991 ; HILL and BOSTON, 1991 ; MULLER, 1995) . In our study,the light-extinction coefficient in the FGA community was extraordinarily low (0.005 mg chl. a-') as compared with that of the sessile algal community (0.029 mg chl. a-1). Consequently, the FGA community seemed to be less self-shading than the sessile algal community.
Assuming that the light intensity at the compensation point was 1% of the surface irradiance, the potential chlorophyll a in the productive layer of the benthic algal community alone was estimated as approximately 850 mg m-2 of FGA, and as 150 mg m-2 of sessile algae alone at Stn. 2 on 13 July 1995 (Fig. 8) . After ARUGA (1973) , chlorophyll a in the productive layer of a planktonic algal community was below 100 mg m-2 in the sea and oligotrophic lakes and 100 -1000 mg m-2 in meso -and eutrophic lakes, whereas it reached 200-250 mg m-2 in a sessile algal community in a river (TOMINAGA and ICHIMURA, 1966 ; AIZAKI, 1980; NAKANISHI and YAMAMURA, 1984) and 900 mg m-2 in a pure culture of Scenedesmus (ARUGA, 1966) . The potential chlorophyll a in the productive layer of an FGA community is equivalent to the maximum value in eutrophic lakes and in a pure culture. It is expected that the development of an FGA community contributes to enhance the productivity in the littoral zone of lakes by increasing in the algal biomass.
An algal community in the littoral zone of lakes has been considered as having a two-component structure consisting of planktonic and benthic algal communities.
In our case, FGA such as Spirogyra sp. have been included in the benthic algae. However, there were extraordinary differences in the light-extinction coefficient and the vertical-distribution pattern of biomass between the FGA and sessile algal communities (Figs. 8 and 10 ). Thus, in the littoral zone where an FGA community develops, the benthic algal community should be divided into two components, i. e., FGA and sessile algal communities (Fig. 11) . The effect of FGA intrusions into freshwater ecosystems has been mainly described as creating a new habitat for benthic animals (POWER, 1990a, b) . In this study, from the viewpoint of the productive structure of an algal community in the littoral zone, we propose that such a community should be regarded as a three-component structure of planktonic, FGA and sessile algal communities. Fig.11 . A schematic picture of algal community structures in the euphotic zone of pelagic and littoral zones (Pa : planktonic algae, Ba : benthic algae, FGA : filamentous green algae, Sa : sessile algae).
